ABSTRACT
INTRODUCTION
The agouti (Dasyprocta prymnolopha, Wagler, 1831) is a small mammal rodent found in almost all Brazilian territory [19] , which has been shown to be an important animal model for scientific studies, including those for cardiovascular evaluation [7, 32] .
Veterinary cardiology has presented great advances in the area of diagnosis by the possibility of performing examinations of the heart by non-invasive methods [1, 23] . Among these tests, electrocardiography, a low-cost and easy-to-perform technique [7] , stands out.
For veterinary, scientific or handling procedures in wild animals, chemical containment is almost always necessary [12] . Among the most commonly used anesthetic drugs for this function, Xylazine, which diffused widely in anesthetic procedures in wild animals, is noteworthy for ease of administration and for allowing association with other agents [38] . Among these, the association Xilazine and Ketamine has been widely used due to the analgesic, myorelaxant and sedative properties of Xylazine [11, 29] , related to a high lethal dose of Ketamine, allowing its use without the exact knowledge of the animal's weight [17] .
Due to the need of chemical restraint for wild animal handling and knowing the wide existing drug association, this study aimed to describe the electrocardiographic tracing of the agoutis (Dasyprocta prymnolopha) contained by the association of Ketamine and Xylazine.
MATERIALS AND METHODS

Animals
Eighteen agoutis (Dasyprocta prymnolopha) were randomly assigned to two groups, consisting of 09 males and 09 females, approximately two years old and weighing between 1.5 and 2. The agoutis were considered healthy by hematological examination, serum biochemist, considering liver and renal function and echocardiographic examination.
Anesthetic Protocol
The animals were pre-prepared with a 12 h solid fasting and 6 h liquid one. When they were captured in their enclosures with dip nets and physically restrained, 40 mg/kg of Ketamine Hydrochloride 1 and 1 mg/kg of Xylazine Hydrochloride 2 were given intramuscularly. This protocol allowed time for the tests to be carried out and in none of the animals there was need for reapplications.
Electrocardiographic examination
To perform the tests the animals were positioned in the right lateral decubitus, with the parallel limbs extended and perpendicular to the long axis of the body, on a table with rubber insulating surface to avoid interferences.
The electrocardiographic exams were initiated as soon as the anesthetic action was observed, on average 5 to 10 min after the application of the anesthetic agents. The animals were monitored at the electrocardiographic exam for 45 min.
The device used to obtain the tracing was a Veterinary Electrocardiograph 3 . The tracings were stored on the computer's hard disk and then analyzed and the measurements taken on the computer itself. The distribution of the electrodes followed the methodology standardized by Willen Eithoven, with the right and left thoracic electrodes positioned above the olecranon in their caudal aspect and the right and left pelvic electrodes above the patellar ligaments in the cranial aspect of each pelvic limb. The velocity used for the records was 25 mm/s, with a voltage calibration of 1 cm for each millivolt (1cm = 1mV), thus obtaining standard electrocardiographic leads, which were obtained through the potential difference between the electrodes.
The electrocardiographic records were performed in the bipolar leads, DI, DII, DIII, aVR, aVL, aVF, and unipolar precordial chest leads, rV2, V2, V4 and V10 (Figures 1 and 2 ). The analyzes were always made from derivation II (DII) [ Figure 3 ]. It was analyzed and measured the duration (milliseconds-ms) and amplitude (millivolts-mV) of the P wave, the interval duration of the PR (ms) and of the QRS complex (ms); the amplitude of the R wave (mV), the ST segment leveling, the QT interval duration (ms), the T wave polarity and the rhythm and heart rate (bpm) [45] .
Statistical analysis
The data were submitted to the error normality test (Shapiro-Wilk and Kolmogorov-Smirnov test) and afterwards the means of the groups were analyzed by paired Student's t-test for the interpretation of the parameters, considering a confidence interval of 5% (P < 0.05). Table 1 shows the results for the duration and amplitude of the P wave, duration of the QRS complex, duration of the QT interval and PR interval, and amplitude of the R wave and T wave. Table 2 shows the heart rate (bpm) and weight (kg).
RESULTS
For the duration of the P wave (39.78 ± 6.5 ms for males and 37.25 ± 4.98 ms for females) and QT interval (247.26 ± 30.37 ms for males and 234.70 ± 25.78 ms for females), when males and females were compared, there was no difference between means (P < 0.05). Likewise, for the amplitude of the waves P (0.14 ± 0.03 mV for males and 0.12 ± 0.03 mV for females); R (0.42 ± 0.31 mV for males and 0.36 ± 0.22 mV for females) and T (0.24 ± 0.16 mV for males and 0.25 ± 0.10 mV for females) there was also not statistical difference (P > 0.05). T wave amplitude was predominantly negative (in 10 animals). In 8 animals, positive polarity was observed in DII derivation, but no biphasic configuration was observed in the present study.
The QRS complex presented duration of 46.14 ± 5.05 ms (males) and 44.66 ± 5.94 ms (females) and the PR interval duration of 79.94 ± 12.01 ms (males) and 84.29 ± 12,37 ms (females), and no difference was found between the means.
Male heart rate averaged 113.25 ± 5.1 bpm, while for females the value of 124.60 ± 6.2 bpm was observed, the difference between these values being statistically significant. The weight variable presented higher value for males (2.31 ± 0.2 kg) than for females (2.28 ± 0.12 kg), with no difference between means (P > 0.05). 
DISCUSSION
Previous studies have demonstrated that the agoutis can be handled without previous chemical restraint for the performance of electrocardiographic exams, as it is a fast execution technique [7] . Wild animals, in general, need the implantation of anesthetic protocols, with the purpose of reducing stress during clinical-surgical and handling procedures, to avoid accidents with the animals and the people who handle them [4] . Knowing that prolonged stimuli of physical restraint can easily lead wild animals to death [20, 42] , the protocols established in this work can be used in future experiments, which require a longer handling time.
The values found for heart rate (HR) of anesthetized agoutis with Ketamine and Xylazine (113.25 ± 29.40 bpm for males and 124.60 ± 24.32 bpm for females) were lower than those found for this same non-anesthetized species (193.42 ± 25.39 bpm) [7] . These results suggest that such a difference may be related to stress during the physical restraint of nonanesthetized animals, leading to sinus tachycardia [13] , or to the cardiovascular effects of Xylazine in sedated animals, which provoke a depression of the vasomotor center, increase of the vagal tone and of the baroreceptors activity, resulting in bradycardia [31, 44] .
The HR of agoutis was smaller than that found in domestic species such as dogs and cats [27, 45] and wild species such as wolves, leopards and cheetahs [10, 34, 41] . HR is related to several factors such as age, sex, body position, respiration, functional capacity and characteristics in each species. Carnivorous animals, in general, present intense respiratory and energetic activity, which can affect the HR values when compared to rodents [30] .
The P wave presented morphology and values, both in duration and in amplitude, very close to the parameters found for animals of the same species not anesthetized [7] . The amplitude of this wave showed no difference between the genders, whereas the duration showed statistical difference. There are no reports of this difference between genders in non-anesthetized agoutis [7] . Changes in the duration of the P wave may be related to variations in the size of animals of the same species as the dogs, where there is a diversity of races, differing in the size of the heart, thus affecting the time that the electrical impulse takes to depolarize the atria, resulting in the duration variations of this wave [13, 18] . However, agoutis are fairly uniform external rodents, whose males do not differ from females visually [14] . In addition, the animals in this study presented similar weight, suggesting that the difference in the duration of this wave is probably related to some characteristic of the genre and not to the procedure of the examination.
The duration of the P wave of agoutis differed from the values found for non-anesthetized ferrets [9] , however there was similarity in the values of this parameter for anesthetized ferrets [40] . In rabbits submitted to electrocardiography, there were morphologically different P waves in some breeds, but with no pathological significance [39] .
The PR interval despite presenting higher values for females was not statistically significant, as was described for humans [37] and ferrets [9] . The PR interval may vary discreetly due to changes in vagal tone [16] . Also, changes in this interval may occur due to electrical impulse conduction disorders through the atrioventricular node and/or its region, in elderly animals with degenerative changes, or due to increased vagotonic effects [45] . The state of sanity, being young animals, besides the similar morphology of the animals of this study justifies the small variations in the PR interval and the similarity between the genders.
The duration of the QT interval was higher for males, and statistically significant differences were observed when comparing the genders. These values were lower than the human standard (360 ms) [37] and higher than that found for wild cats (Leopardus tigrinus) (230 ms), which did not show differences between males and females [34] . This interval represents the complete duration of the ventricular electrical activity, and may be influenced by heart rate variations, in this case, showing a proportionally inverse relationship between the two parameters [35] . The QT interval for non-anesthetized agoutis was lower than for anesthetized agoutis. This interval is strongly influenced by the sympathetic nervous system [13] . Studies suggest that the HR and the QT interval are controlled separately by different neuronal fibers, which may or may not be concomitantly activated. During exercise or stress, the QT interval decreases due to the natural production of catecholamines, justifying the differences in these values found for anesthetized and non-anesthetized agoutis [45] . In humans, this time is lower than several animal species such as dogs [47] , rabbits [26] and non-anesthetized agoutis [7] , being an indication of need of early repolarization for animals. This interval was shown to be smaller than for humans. However, changes in the QT interval hardly present clinical repercussion in animals, as occurs in humans, such as situations of hypothermia or hypercalcemia [22] .
The QRS complex duration differences were statistically the same between genders, although the values for males were slightly higher than for females. This uniformity suggests an anatomical and topographic similarity of the thoracic organs of agoutis [14] , although anatomical studies in this species are scarce. Some authors suggest that changes in the position of the diaphragm may lead to a change in the QRS complex. In animals, this can be observed when gastric content is present at the time of examination, which can displace the diaphragm by pressing the thoracic cavity to allow electrocardiographic changes [43] . However, in this experiment all animals were prepared to solid fasting for 12 h and water fasting for 6 hours before the tests, which allowed a greater uniformity in the findings which justifies the results found.
In this experiment, values for T wave amplitude, although higher for females, were statistically the same when comparing genders. For non-anesthetized agoutis, values for T wave amplitude were higher in males [7] . In addition, the T wave of the males of this experiment corresponded to approximately 57% of the previous R wave, while for the females, it corresponded to approximately 69%. When compared to non-anesthetized agoutis, the T wave of males reached almost 100% of the previous R wave size and in females this value reached 70%. T wave amplitude values for other animal species of the same size as non-anesthetized rabbits were about 50% lower than those found in this experiment. In contrast, non-anesthetized ferrets presented a value close to that of anesthetize agoutis [9, 26] . This relationship is well studied in dogs and cats and it is considered that the T wave can measure up to 25% of the R wave in these species. Above this percentage, the T wave may indicate processes of myocardial hypoxia or electrolytic imbalances [45] .
In humans, high T-wave amplitudes are thought to occur in 2.5% to 14% of adult individuals with no evidence of cardiovascular or extra-cardiac diseases [25] , however, it is one of the parameters taken into consideration in the suspicion of myocardial infarction. Myocardial ischemia is more tolerated in animals than in humans and may be due to factors such as stress and exaggerated physical activity, as observed in the species in question. A change caused using drugs such as Ketamine, as described in studies with dogs and primates [4, 6, 33] is not excluded.
The T-wave morphology was varied in the aspect of polarity. However, this characteristic is usually observed in other species and therefore authors suggest the evaluation of previous electrocardiograms of the same animal [18] .
The evaluation of the cardiac muscle lesion due to the reduction of oxygen requires more in-depth imaging studies, however, with the present study, it can be affirmed that agoutis sedated with ketamine and xylazine tolerate well a reduction in the amount of oxygen destined to the myocardium, since all animals were well recovered and did not present clinical symptoms after the anesthetic procedure. In addition, it is possible to suggest that the chemical contention generates less cardiac oxygenation than the physical contention, since in the present study the T wave amplitude values were smaller compared to the R wave, than T wave amplitudes produced in non-anesthetized agoutis [7] .
CONCLUSION
The chemical containment protocol used in this experiment was well tolerated by the animals and the effects of the drugs showed no risk during the procedure. Thus, the data described here for the electrocardiographic pattern of agoutis (Dasyprocta prymnolopha) can be used to monitor these animals in anesthetic procedures with Ketamine and Xylazine. We hope, therefore, to collaborate with the rational handling, conservation and biodiversity of these animals.
